Low-energy electron diffraction (LEED), scanning tunneling microscopy (STM) and spectroscopy (STS), and Auger electron spectroscopy (AES) were used for a study of silver interaction with the (3×3) and °× 30 ) 3 3 ( R surface phases of clean 4H-SiC(0001). The development of the surface structure and morphology after room temperature (RT) deposition and annealing was investigated. On the (3×3) phase silver forms small clusters leaving the initial reconstruction intact. At high coverages three-dimensional (3D) growth (Vollmer-Weber mode) was found. For the °× 30 ) 3 3 ( R phase the initial structure seems more disturbed upon Ag deposition and thermally induced diffusion. Yet, no new surface phase develops. In both cases Ag can be removed from the surface by annealing, but Ag appears to be more stable on the °× 30 ) 3 3 ( R phase according to AES.
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Introduction
One of the most important problems for the development of high quality SiC-based Schottky diodes is the non-homogeneity of Schottky barriers caused by imperfections of the interface between metal film and semiconductor substrate. Hence, an improvement of the interface control seems a promising path towards better devices. The formation of the interface is strongly affected by the interaction of metal atoms with the substrate, which for SiC is largely unexplored. On the other hand the stable reconstructions of both hexagonal and cubic SiC are well studied, which opens up the possibility for a precise investigation of the metal nucleation on well defined SiC surfaces. Taking into consideration the thermodynamic properties, silver occurs to be a good candidate to create a uniform hetero-interface with SiC since it does not form any stable compounds neither with carbon nor silicon. Previous studies of silver deposition on cubic SiC [1, 2] demonstrated a nonreactive interface development by 3D growth with a possible Stranski-Krastanov transition on β-SiC(001)-c(2×2) [2] . For hexagonal SiC(0001) Kubo et al. found the appearance of (3×3) patches and two-dimensional (2D) islands on the °× 30 ) 3 3 ( R reconstruction by Ag deposition [3] . They interpreted these patches to be a (3×3)-Ag adsorption phase. In the present work we discuss the reactivity of Ag with clean 4H-SiC(0001) surfaces reconstructed in the (3×3) and °× 30 ) 3 3 ( R phases. The influence of the deposited Ag on the initial reconstructions and the processes during post-deposition annealing were investigated.
Experimental
The experiments were carried out in an ultrahigh-vacuum (UHV) chamber equipped with a reverseview LEED optics combined with a TV data acquisition system, a tube scanner STM unit (Besocke type), an electron gun and electron energy analyzer for AES, and two electron beam evaporators for deposition of Si from a rod and Ag from a molybdenum crucible, respectively. The chemical vapor deposited (CVD) epilayers of 4H-SiC were pre-treated by hydrogen etching and finally by acetone and deionized water. Loaded in the UHV-chamber, these samples immediately revealed the bright LEED pattern and spots intensities corresponding to the °× 30 ) 3 3 ( R reconstruction of an ordered silicate layer [4] . Annealing those surfaces at 850°C with simultaneous deposition of Si leads to the (3×3) Si-adlayer reconstruction, further annealing at 1000°C converts this structure to the [5] . The Ag was deposited at RT with coverages from 0.03 to 0.5 monolayers (ML). STM was used to study the morphology of the surface, the local electronic structure was obtained by STS with a constant tip-to-sample separation maintained for the spectrum from one surface position. The development of the surface structure was monitored by LEED intensity vs. energy spectra (I(E)) of the (10) and (⅓⅓) spots. The chemical composition of the surface was controlled by AES. Measurements were taken at room temperature from the original clean (3×3)-and °× 30 ) 3 3 ( R -reconstructed surfaces, from these surfaces right after deposition for a series of Ag coverages, and after annealing to temperatures between 500 and 1000°C.
Silver nucleation on (3×3)-4H-SiC(0001)
In the early stage of Ag nucleation on the (3×3)-reconstructed SiC(0001) surface, isolated atoms or clusters develop on an otherwise largely unperturbed surface. Fig.1a ,b show corresponding STM images taken directly after deposition. In Fig. 1a single protrusions of about 1 Å height are visible, located between three Si adatoms of the (3×3)-structure. The surrounding surface remains in the original (3×3) reconstruction almost unperturbed, except for a higher vacancy density in the Siadatom layer. For higher coverages the cluster size increases as depicted in Fig. 1b for 0.15 ML of Ag. The majority of islands is still about 1 Å high. In some cases, however, a second layer of about 1.5 Å appears. So, it seems that an initial 2D growth behaviour transforms to 3D growth before the first layer is filled. Close inspection of the STM image ( Fig. 1b) indicates that vacancies and especially clusters of vacancies in the Si adatom layer initiate this transformation by inhibiting further lateral growth. Finally at a coverage of 0.5 ML the surface is mainly occupied by 3D clusters. But even at such a high coverage patches of the original unperturbed (3×3) reconstruction can be seen. The electronic structure of the silver clusters differs significantly from that of the clean (3×3) surface as revealed by STS. The tunneling spectra show a complicated fingerprint near the Fermi level (e.g. Fig. 1c ) with significant statistical distribution from one cluster to another, possibly due to their size and shape dispersion. Yet, the common and indicative feature of all STS spectra from Ag clusters is the presence of additional states close to the Fermi level. Additional states close to E F are even more clearly visible for Ag induced point defects on the (3×3)-4H-SiC(0001) phase as shown in Fig. 1d for deposition of 0.07 ML and subsequent removal by annealing. In contrast, at regular Si adatom positions (Fig. 1e ), but also at Si vacancies in the adlayer of the clean (3×3)-
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surface (not displayed) the expected band gap of the well-known Mott-Hubbard states [6] is visible with the separation of ≈1 eV. Investigation of the LEED spot intensities confirms that the initial (3×3) superstructure remains intact upon Ag deposition at RT. Even though the LEED pattern becomes diffuse after deposition of 0.2 ML Ag due to disorder as also seen in STM, the positions of maxima and minima of the I(E) spectra from the (10) and (⅓⅓) LEED spots (bottom curves on Fig. 2a,b ) compare well to those from the clean ) 3 3 ( × -surface. Yet, for about 1ML Ag the LEED spots completely disappear. Annealing after deposition enhances the Ag diffusion and subsequently leads to desorption (or diffusion into the bulk). This affects the (3×3) order and the LEED pattern becomes more diffuse. The (⅓⅓) spectra become less pronounced when the annealing temperature reaches 800°C. However, the shape of the (10) spectra is not notably affected indicating a stability of the substrate structure. According to AES measurements, silver is not strongly bonded on the (3×3) surface and actually is practically removed already at 650°C even for a high initial coverage of 0.5 ML (Fig. 2c) . Thus, the diffuse character of the LEED pattern for 700-800°C apparently results from a rearrangement process of the clean SiC surface rather than a Ag phase. Indeed, using STM the development of 2D islands leading to a two-level (3×3) structure was found. A step height analysis indicates that both the lower as well as the upper terraces possess the original (3×3) reconstruction. The surface is then Ag free and a further increase of the annealing temperature to 900°C consistently results in a well ordered (6×6) superstructure known from the clean surface and at 1000°C in the °× 30 ) 3 3 ( R phase.
Silver reactivity on
Unlikely in the previous case, a significant reactivity of Ag on the °× 30 ) 3 3 ( R phase is indicated by LEED even at RT. Despite the LEED pattern still remaining a °× 30 ) 3 3 ( R after deposition of 0.2 ML of Ag, several clear changes are observed in the (10) and (⅓⅓) spots spectra (Fig. 2d ,e, bottom curves) in comparison to the clean °× 30 ) 3 3 ( R reconstruction (Fig. 2d,e, upper curves) . Namely, for the (10) spot the 100 eV peak is shifted by ≈10 eV towards higher energies. For the (⅓⅓) spot two new peaks developed at 130 and 160 eV instead of intensity slopes as for the clean Materials Science Forum Vols. 483-485 743 °× 30 ) 3 3 ( R phase and also the 108 eV peak is slightly shifted towards lower energies. Nevertheless, these changes are restricted to low energies, i.e. below ≈250 eV. Thus, the silver rather has an effect on the surface structure, like a layer relaxation, than the substrate geometry. Concurrently, no additional spots are observed in the LEED pattern, which contradicts the report of a Ag-induced (3×3) phase [3] . The presence of this phase can be ruled out in our experiments.
Diffusion of silver stimulated by post-deposition annealing at 500°C immediately converts the
R pattern with pronounced (⅓⅓) order spots reappears again only at 950°C. Its spectra are then clearly correspondent to the clean °× 30 ) 3 3 ( R surface (Fig. 2d,e, upper curves) . Annealing for temperatures from 800 to 950°C is accompanied by gradual changes of the (10) spots spectra: the position of the main peak shifts back from 110 eV for 600°C to 100 eV at 900°C which is also its position for the clean °× 30 ) 3 3 ( R . The original peak at 165 eV disappears and is converted into a slope at 800°C, the 70 eV peak temporarily shifts to 79 eV, and several other features change. It should be noted that these effects can be reproduced at higher silver coverages. E.g. for 0.5 ML of initial coverage, AES shows that during the described transformation Ag is still present on the surface, since even at 1000°C the Ag Auger-peak at 356 eV corresponds to about 0.02 ML (Fig. 2f ). Thus, silver might serve as an activator for the structural changes occurring during annealing. Considering the STM data of the annealed (3×3) surface after Ag deposition, with the formation of a two-leveled morphology with (3×3)-reconstructed islands of SiC, one can suspect a morphological change in case of 
Summary
In mutual agreement LEED, STM and AES data indicate a non-reactive interaction of silver with the (3×3)-4H-SiC(0001) surface. Upon RT deposition the initial reconstruction remains intact and undisturbed, while Ag forms small islands. At coverages higher than 0.15 ML a 3D growth mechanism is found. Post-deposition annealing removes the Ag from the surface followed by a rearrangement of the surface morphology. A temperature of about 600°C is required for a complete removal of Ag. To the contrary, Ag deposition on the °× 30 ) 3 3 ( R phase and subsequent annealing initiate structural changes as demonstrated by LEED. Thus, the reactivity of Ag appears to be higher in that case. Also, for the °× 30 ) 3 3 ( R surface silver is more stable with respect to annealing and is present on the surface even at 1000°C.
